Objectives: This study aims to evaluate the demographic and clinical features, laboratory data, treatment modalities, and outcomes of juvenile systemic sclerosis (JSS) and juvenile localized scleroderma (JLS) patients at a referral pediatric rheumatology center in Turkey. Patients and methods: Medical records of a total of 57 patients, including 29 with JSS (1 male, 28 females; mean age 18.3±3.2 years; range 14 to 27 years) and 28 with JLS (6 males, 22 females; mean age 14.4±4.8 years; range 6 to 23 years), diagnosed betweenJanuary 2006 and Mart 2015 and followed-up for at least six months were evaluated in this retrospective longitudinal study. All medical records were retrospectively analyzed for demographic, clinical, and laboratory findings. Results: Mean age at disease onset was 9.9±4.2 years and 7.7±3.9 years for JSS and JLS, respectively. Mean ages at diagnosis and at the time of study were lower in JLS: 9.1±3.5 years vs. 11.7±3.7 years and 14.4±4.8 years vs. 18.3±3.2 years, respectively. Mean disease duration was 7.8±5.2 years and 8.0±4.3 years for JSS and JLS, respectively. Among JSS patients, interstitial lung disease was seen in eight (27%), pulmonary hypertension in three (10%), and arrhythmia in one (3%). One JSS patient (3%) died as a consequence of cardiac sclerosis. Corticosteroids with methotrexate were used in 29 JSS patients (100%) and in 21 JLS patients (75%). Patients with vasculopathy were treated with nifedipine (n=18, 62%) and bosentan (n=12, 41%). Internal organ involvement was treated with high-dose cyclophosphamide (n=10, 34%) or biological agent (n=3, 10%). Conclusion: Close monitoring of internal organ involvement is of great importance in preventing disease-related complications in JSS and JLS. Although rare, vital organ involvement has a devastating effect on prognosis. Biological agents represent an option for patients resistant to standard immunosuppressive treatment.
1
Juvenile localized scleroderma (JLS) is more frequent in childhood. Although internal organ involvement is rare, approximately onefourth of patients with JLS are shown to have musculoskeletal complaints. The disease is considered to be benign but it may cause significant functional and cosmetic deformity. 2, 3, 5, 7, 8 Studies on localized scleroderma among adults and children generally report marked diagnostic delay and present a diverse range of treatment modalities. 7, 8 Juvenile systemic sclerosis (JSS) is a quite rare condition characterized with multisystemic involvement and poorer prognosis. [1] [2] [3] [4] Many data regarding disease features and treatment options in JS are based on studies among adults. Studies among children are insufficient and most are conducted in a retrospective manner or in ©2018 Turkish League Against Rheumatism. All rights reserved. comparison with adults, with the exception of an ongoing multicentric, multinational study among children with systemic sclerosis. 6, [9] [10] [11] [12] [13] In general, there is a lack of standard protocol on assessment and treatment modality of JS patients with an indispensable need for prospective investigation in this area.
As far as we know, this is the largest single center JS cohort including both systemic and localized form of the disease. In this study, we aimed to evaluate the demographic and clinical features, laboratory data, treatment modalities, and outcomes of JSS and JLS patients at a referral pediatric rheumatology center in Turkey.
PATIENTS AND METHODS
Medical records of a total of 57 patients, including 29 with JSS (1 male, 28 females; mean age 18.3±3.2 years; range 14 to 27 years) and 28 with JLS (6 males, 22 females; mean age 14.4±4.8 years; range 6 to 23 years), diagnosed between January 2006 and Mart 2015 at the ‹stanbul University, Cerrahpaa Faculty of Medicine and followed-up for at least six months were evaluated in this retrospective longitudinal study. One patient with mixed connective tissue disorder was excluded. The study protocol was approved by the Institutional Review Board at the ‹stanbul University, Cerrahpaa Faculty of Medicine. The study was conducted in accordance with the principles of the Declaration of Helsinki.
All patients in systemic scleroderma group met the Pediatric Rheumatology European Society/American College of Rheumatology/ European League against Rheumatism provisional classification criteria for JSS. 4 Diagnosis of localized scleroderma was established by the same experienced pediatric rheumatologist.
All medical records were retrospectively analyzed for demographic, clinical, and laboratory findings. Data recorded for each patient included age of the patient at the time of study, age at disease onset, age at diagnosis, sex, disease subtype, and disease, follow-up, and treatment durations.
Organ involvement at the time of first manifestation and anytime during the follow-up was recorded. Skin involvement was determined by the skin induration, edema, or sclerodactyly proximal or distal to metacarpophalangeal joints. Vascular system involvement was defined as presence of Raynaud's phenomenon (RP), digital infarcts, digital scars, or abnormal nailfold capillaries and capillaroscopy findings (for patients with available data). Due to lack of consensus on interpretation of nailfold capillaroscopy findings in pediatric population, many centers do not routinely use this procedure for the evaluation of patients. We divided the nailfold capillaroscopy findings in three main groups as early, active, and late scleroderma pattern.
14 Lung involvement was defined by abnormal chest radiography or high-resolution computed tomography findings, reduced does carbon monoxide diffusing capacity, or reduced forced vital capacity. Cardiac disease was diagnosed by the presence of arrhythmias, heart failure, or pulmonary hypertension (PH) registered during the annual echocardiography. Patients with high pulmonary artery pressure on echocardiography underwent angiography for the definitive diagnosis of PH. Musculoskeletal involvement was defined by the presence of muscle weakness, arthritis, arthralgia, or tendon friction rubs. Gastrointestinal tract involvement was determined by the presence of dysphagia, gastroesophageal reflux, diarrhea, or weight loss. Raised creatinine levels, proteinuria, renal crisis, or persistent arterial hypertension defined renal disease. History of seizures, peripheral neuropathy, or abnormal findings on brain magnetic resonance imaging (MRI) was accepted as central nervous system involvement.
Hemogram, acute phase markers, kidney and liver function tests, urine analysis, serum levels of autoantibodies, including antinuclear antibodies, and anti-topoisomerase I were recorded at the time of diagnosis and during the follow-up. Abnormal values were determined by using the normal range of our laboratory standards.
The way of measuring the disease activity is still a matter of controversy. Skin stiffness of patients with JSS was assessed by using the modified Rodnan skin score (mRSS) 15 and the disease severity according to organ involvement was measured by using the disease severity score. 16 Skin activity and skin damage in patients with JLS were assessed by Localized Scleroderma Cutaneous Assessment Tool (LoSCAT) score, which consists of Localized Scleroderma Skin Damage Index (LoSDI) and Skin Severity Index (LoSSI).
7.17 Data on used treatment were assessed cumulatively, from the beginning of treatment until the time of study.
Statistical analysis
Statistical analysis was performed by using the IBM SPSS Statistics for Windows 21.0 software (Released 2012, IBM Corp., Armonk, NY, USA). Distributional properties of continuous variables were expressed in mean ± standard deviation and median (minimum-maximum). Categorical variables were presented with frequency and percentage (%). The Shapiro-Wilk test was used to examine the differences in the distributions of continuous variables. The Mann-Whitney U and the Chi-square tests were used to determine differences between continuous and categorical variables of two groups. Statistical significance level was obtained at a p value of ≤0.05.
RESULTS
Mean ages at diagnosis and at the time of study were significantly lower in patients with JLS, compared to JSS (9.1±3.5 years vs. 11.7±3.7 years and 14.4±4.8 years vs. 18.3±3.2 years, respectively). There was no significant difference in other demographic features (Table 1) . Clinical findings of patients were shown in Table 2 . RP was significantly more frequent among JSS patients at disease onset: 27 (93%) vs. four (14%). At the end of follow-up, 17 JSS patients (58%) continued to have RP. Digital ulceration was seen only in JSS patients at disease onset and at last examination (n=24, 83% and n=13, 44.8%, respectively).
Findings of nailfold capillaroscopy were obtained in 27 JSS patients: 16 patients (60%) had early, 10 patients (37%) active, and one patients (3%) had late scleroderma pattern. Interstitial lung disease was present in six (20%) and eight (27%) JSS patients at the disease onset and on the last At disease onset, only one patient from JSS group (3%) had elevated sedimentation rate and C-reactive protein. Acute phase markers in all JLS patients were in normal range. Serological profile of patients was shown in Table 2 .
Data on treatment modality were shown in Table 3 . Most patients received corticosteroids but the mean duration of corticosteroids treatment was significantly longer in JSS patients (51 months vs. 15.27 months) (p<0.001). In a high number of patients, glucocorticoids were initially combined with methotrexate (MTX) (standard dose of 25 mg/m 2 /week): in 29 (100%) of JSS and in 21 (75%) of JLS patients. In seven JSS patients (24%), MTX was replaced by mycophenolate-mofetil (MMF) due to intolerance and poor compliance during the follow-up. Patients with symptoms of vasculopathy (RP, digital ulcerations) were treated with nifedipine (30 mg/day) and/or bosentan (2 mg/kg/day):
18 JSS patients (62%) treated with nifedipine and 12 of them, who were unresponsive to nifedipine, were treated with bosentan, at the same time. Among 12 patients treated with bosentan, three were diagnosed with PH. Eight patients (25%) with interstitial lung disease and two (6.9%) with gastro-intestinal involvement and high mRSS (>20) were additionally treated with high dose of cyclophosphamide (CYC). Patients with internal organ involvement unresponsive to steroids and disease modifying antirheumatic drugs (DMARDs) were treated with biological agent. Two patients (both with PH and one with co-exsisting cardiac fibrosis) were treated with rituximab (375 mg/m 2 /week, for four consecutive doses). One patient with interstitial lung disease, gastrointestinal involvement, and high mRSS was treated with tocilizumab (12 mg/kg/dose, once per month); this patient is still under tocilizumab treatment. A mean time to introduction of biological treatment was 3±1.7 years.
The mean J4 score did not significantly change during the follow-up: 4 (range, 1-12) at the disease onset and again 4 (range, 0-15) at the time of study. The mean mRSS in JSS patients was 17 (range, 0-40) at the time of the study. Unfortunately, records on mRSS at the disease onset were not available. Mean LoSCAT for JLS patients was 14.5±8.0, mean LoSSI was 4.3±2.8, and mean LoSDI was 10.3±6.5. There was no statistically significant difference between JLS subtypes according to LoSCAT.
Eight JSS patients (27%) had dysphagia at time of the study. Two JSS patients (7%) still had high mean pulmonary artery pressure The mean duration of follow-up was 6.5±4.5 years and 5.3±4.6 years for JSS and JLS, respectively. There was no significant change in disease activity score (J4 score for JSS and LoSCAT for JLS) during the follow-up. One JSS patient died due to heart failure as a consequence of cardiac fibrosis. This patient died on the sixth year of the disease. One JSS patient (3%) developed neurological involvement on the fifth year of the disease.
DISCUSSION
Juvenile scleroderma is an extremely rare disease with many questions waiting to be answered. Up to date, studies on this topic are scarce, except for an ongoing multicentric inception cohort that may reveal new findings. 6 Recent developments in treatment options, particularly biological agents have possibly influenced the clinical course and the prognosis of the disease.
We may indicate that JS (both JSS and JLS) is predominantly a disease of the females, since the majority of our patients were girls (97% of JSS and 79% of JLS patients), similar to reports from the literature. 6, [9] [10] [11] [12] [13] 18, 21 Main demographic characteristics of our cohort did not significantly differ from previously reported data. 6, [9] [10] [11] [12] [13] 18, 21 However, mean ages at diagnosis and at the time of study were significantly lower in patients with JLS, compared to JSS: 9.1±3.5 years vs. 11.7±3.7 years and 14.4±4.8 years vs. 18.3±3.2 years, respectively).
Although data from the literature showed that localized form of the disease is more common in childhood, frequency of both disease forms was similar in our cohort. This could be explained by the fact that this is a tertiary medical center with patients from all over the country being referred to our hospital. Additionally, patients with systemic form of the disease undergo obligatory follow-up at pediatric rheumatologic department while some patients with localized scleroderma are referred to dermatologists.
The mean mRSS in our JSS patients was slightly lower compared to results from studies by Russo et al. 12 and Misra et al. 13 (17 vs. 22 ). Unfortunately, we were unable to report any change in skin stiffening during the follow-up since data on mRSS at the disease onset were not available. Furthermore, there is no instrument measuring isolated skin stiffness in JLS. Although the LoSCAT includes skin fibrosis, it also measures other aspects of the disease. This is why assessing clinical changes in routine JS patient care is challenging and includes many subjective variations.
Raynaud's phenomenon is a clinical sign generally first noticed by patient, being present in the 70-80% of patients.
1-3,6,9-13 In our cohort, the frequency of RP at the disease onset was even higher (93%) but showed significant decrease during the follow-up (58% of JSS patients, p<0.05). This result is not surprising since all patients with vasculopathy (e.g. RP, digital ulcerations) were under treatment with vasoactive agents.
Vital organ involvement (lung, cardiovascular system) is rare in childhood. 9, 10, [20] [21] [22] In a study by Borowiec et al., 21 86.7% of patients with JSS had basal interstitial infiltrations in lung while Martini et al. 10 reported significantly lower percentage of lung fibrosis (29%). In another cohort from Southeast Asia, the percentage of interstitial lung disease was reported as 65%. 13 In our study, interstitial lung disease was less frequent: in six JSS patients (20%) at the disease onset and in eight JSS patients (27%) at the last clinical examination. However, the rise in number of patients with interstitial lung disease during the follow-up despite the immunosuppressive treatment opens a question on efficacy of routinely used therapy.
In a study from Argentina, two of 23 patients (8.7%) had cardiac involvement. 12 Another study from Southeastern Asia reported PH in 4% of JSS patients. 13 In our study, PH was seen in three JSS patients (10%) while one patient (3%) had arrhythmia at the disease onset. The same patient developed cardiac insufficiency during the follow-up. This patient died due to cardiopulmonary insufficiency as a consequence of cardiac fibrosis six years after the disease onset, despite aggressive immunosuppressive treatment. However, there was a significant diagnostic delay of five years that could be blamed for the poor outcome, together with unsatisfactory compliance to treatment. The patient received corticosteroids in combination with MTX, which was replaced by MMF due to intolerance to MTX. Pulse CYC treatment was introduced; however, the patient did not collaborate and only two doses have been given. We planned to start biological agent (rituximab) but the patient deceased before therapy was introduced, unfortunately. A patient in a study from Argentina also died in the sixth year after the disease onset, due to complications of the cardiovascular involvement. 12 Central nervous system and renal involvement are extremely rare. 1, 6, [9] [10] [11] [12] [13] In our cohort, only one patient (3%) had severe headache and brain MRI revealed abnormalities.
Data on clinical outcome vary among different studies. Martini et al. 10 reported a mortality rate of 11% and showed that most deceased patients (73.3%) died in the first five years after the diagnosis was established. Foeldvari et al. 11 reported a favorable outcome with overall fiveyear survival of 95% in a multicentric survey among 135 JSS patients. They showed increased fatal outcome among patients with cardiovascular and renal involvement. 11 One patient (3%) from our cohort died in the sixth year after the disease onset. We can speculate that delayed diagnosis and treatment caused a diffuse organ involvement (including heart and lung) in our patient that led to death. The patient received treatment on the fifth year of the disease for one year, which is significantly shorter compared to the mean treatment duration of our JSS cohort (5.21 years).
Therapy of systemic sclerosis is controversial due to rarity of the disease, lack of consensus, and paucity of evidence regarding clinical course and prognosis. Some DMARDs are widely used; however, no drug has been found to have an unequivocal benefit. 23, [24] [25] [26] We initially use oral corticosteroids in combination with DMARDs (MTX, mycophenolate-mofetil, CYC) for both disease forms. The treatment duration depends on disease form, clinical course, and disease activity.
In the case of interstitial lung disease, a high dose of CYC has been added to therapy: high dose (1 g/m 2 intravenous/month) during the consecutive first six months. Previous studies reported usage of CYC in 12.9% of JSS patients, which is lower compared to our cohort where 34% of JSS patients received CYC. 10, 28 Although studies about MMF in JSS patients are insufficient, reports from adults with interstitial lung disease showed favorable effects of MMF in patients who were inadequate responders to CYC. 24, 26 Those data bring new promises for patients with lung involvement.
We routinely introduce calcium channel blockers (nifedipine) in doses of 0.25-0.5 mg/kg/day orally in patients with RP. Endothelin antagonists (bosentan) are added in patients with active fingertip ulcerations, despite the regular treatment with calcium channel blockers. 28, 29 In our JSS cohort, 18 patients (62%) were treated with nifedipine while 12 (41%) were additionally treated with bosentan (two of them were diagnosed with PH, as well). The percentage of patients receiving calcium channel blockers in our study (n=18, 62%) was similar to data reported by Martini et al. 10 (54%).
Biological treatment emerges as a useful treatment option in most severe form of the disease; however, supportive data are lacking. There are few reports about anti-interleukin 6 (tocilizumab) and anti-CD20 (rituximab) treatment among adults. 25, [30] [31] [32] In our routine practice, a biological agent is added to therapy for patients with multisystemic involvement, with resistance to previous treatment and disease progression. Two patients (two with PH, one with coexisting cardiac fibrosis) were treated with rituximab. Tocilizumab was introduced in therapy in one patient with gastro-intestinal involvement, interstitial lung disease, and high mRSS. Marked decrease in mRSS and physician/patient global assessment score were registered in both patients treated with rituximab, after six months of treatment (mRSS decreased from 40 to 36 and Visual Analog Score decreased from 60 to 40 in patient one, while mRSS decreased from 19 to 16 and Visual Analog Score decreased from 50 to 30 in patient two). Long-term follow-up will reveal the effects of the biological treatment.
Main limitations of our study are its retrospective nature and the limited number of studied patients, due to extreme rarity of the disease worldwide.
In conclusion, close monitoring of the disease status and internal organ involvement are of great importance in preventing the disease-related complications in JSS and JLS. Although rare, vital organ involvement has devastating effect on prognosis. Biological agents represent an option for patients resistant to standard immunosuppressive treatment. Nonetheless, multicentric prospective studies might reveal the answers to many questions regarding this rare condition.
